Objective: The objective of this study was to describe the demographic features, clinical presentation, and management and outcome of fifty cases of nonalcoholic Wernicke's encephalopathy from a tertiary care hospital of a region with reported incidence of thiamine deficiency disorders. Materials and Methods: In a retrospective study, fifty adult cases of Wernicke's encephalopathy were analyzed. The diagnosis of Wernicke's encephalopathy was made according to the European federation of neurological societies guidelines 2010 . Response to thiamine replacement and associated brain magnetic resonance imaging (MRI) findings were also considered as supportive evidence. Results: The mean age of patients was 50.38 years with 20 males and 30 females. The most common clinical manifestations were alteration in sensorium in 30 (60%), ataxia in 18 (36%), memory impairment in 15 (30%), nystagmus in 35 (70%), ophthalmoparesis in 11 (22%), and seizures in 4 (8%). A total of 42 patients had a history of recurrent vomiting. All patients had polished rice as their staple diet. Thirty-five patients had associated polyneuropathy and 15 had a gastrointestinal disorder. Twenty patients underwent MRI which showed both typical and atypical lesions. Majority of patients showed partial or complete response to intravenous thiamine. On discharge, the most common residual symptoms were lower limb weakness, ataxia, and memory impairment. Conclusion: The study shows high incidence of nonalcoholic Wernicke's encephalopathy in the region with predominant causative factor being a thiamine deficient diet. Recurrent vomiting can be a prominent early symptom of thiamine deficiency and its recognition can help in the early diagnosis of Wernicke's encephalopathy and related thiamine deficiency disorders. Thiamine fortification of food should be done in areas with reported incidence of thiamine deficiency disorders.
Introduction
W ernicke's encephalopathy is an acute neurologic disorder with high morbidity and mortality. It is characterized by nystagmus and ophthalmoplegia, mental status changes, and unsteadiness of stance and gait. [1] The disorder results from a deficiency in Vitamin B1 (thiamine), which in its biologically active form, thiamine pyrophosphate, is an essential coenzyme in several biochemical pathways in the brain. [2] Thiamine represents an essential coenzyme in intermediate turnover within 2-3 weeks. [5] This duration is related to the time required to deplete the body's thiamine stores, which last for only up to 18 days. [6] Autopsy studies have revealed a higher prevalence of Wernicke's encephalopathy lesions (0.8%-2.8%) than predicted by clinical studies (0.04%-0.13%). [7] [8] [9] It indicates that the disorder is still greatly underdiagnosed even in developed countries. Wernicke's encephalopathy is frequently associated with chronic alcohol abuse, but many other conditions can cause the disease. The settings related to nonalcoholic Wernicke's encephalopathy include staple diet of polished rice, disorders of recurrent vomiting or chronic diarrhea, chronic febrile diseases, renal diseases, cancer and chemotherapeutic treatments, gastrointestinal surgical procedures, magnesium deficiency states, and unbalanced nutrition. [10] 
Materials and Methods
The study was a retrospective analysis of fifty nonalcoholic patients admitted with a diagnosis of Wernicke's encephalopathy in the Neurology Department of a tertiary care center of Kashmir valley of Northern India, over a period of 4 years and 6 months from June 2011 to December 2015. The data were reviewed for demographic features, clinical history, physical signs, associated medical conditions, imaging findings, treatment, and sequelae. The clinical diagnosis of Wernicke's encephalopathy was made according to the criteria of Caine et al. recommended by European federation of neurological societies (EFNS) guidelines 2010, which requires two of the following four signs; (i) dietary deficiencies, (ii) eye signs, (iii) cerebellar dysfunction, and (iv) either an altered mental state or mild memory impairment. [11, 12] Furthermore, response to thiamine replacement and associated brain magnetic resonance imaging (MRI) findings were also considered as supportive evidence for diagnosis. Patients having suspected thiamine-related neuropathy with nystagmus only were not included in the study. MRI was performed during the acute phase of the disease at field strength of 1.5 T in twenty patients. All patients received intravenous thiamine initially for 5-10 days followed by oral maintenance.
Results
The mean age of patients was 50.38 years (range 23-80 years). There were almost an equal number of patients in the age groups of 30-39, 40-49, 50-59, and 60-69 years. Males were twenty and females were thirty. Two females were pregnant and two were in postpartum state. The mean duration of hospital stay was 8.9 days (range 05-20 days). All the patients were nonalcoholic.
Alteration in sensorium was the presenting symptom in 30 patients; among these, 21 patients had acute confusion state, 7 patients were stuporous, and 2 were in coma. Memory loss was the presenting feature in 15 patients, all of whom had impairment in remembering recent events. Six patients had a history of diplopia. History of seizures was present in 4 patients and all had generalized tonic-clonic seizures. Nystagmus was the most common sign in our patients. Bilateral lateral rectus palsy was the most common form of ophthalmoparesis in 6 patients and 1 patient had internuclear ophthalmoplegia. The triad of Wernicke's encephalopathy was seen in only 5 patients. Two patients had concomitant congestive heart failure. Thirty-five patients had a history of lower limb weakness at presentation, among which 30 patients underwent nerve conduction studies which showed features of axonal polyneuropathy in all of them. One patient was admitted twice in a year with Wernicke's encephalopathy [ Table 1 ].
A history of preceding or concomitant recurrent vomiting was present in 42 patients. Three patients had nausea without vomiting. The average duration of vomiting was 27.2 days (range 2-90 days). Nine patients had vomiting of more than 45 days. However, 5 patients had vomiting of 3 days or less. A history of anorexia and poor oral intake was found in 9 patients.
Historically, only a few patients had an apparent clinical condition responsible for the development of vomiting or Wernicke's encephalopathy. Two patients were pregnant among which one had hyperemesis gravidarum. Two patients were in peurperium. One patient had chronic diarrhea and two had a history of recent major surgery. Two patients had undergone gastrojejunostomy more than 5 years before presentation. One patient had received intravenous dextrose a day before presentation. All patients had polished rice as their main staple diet which is washed before cooking. Besides, the patients also gave a history of regularly consuming green tea and bread made of highly polished floor.
Based on the symptom severity, 33 Two patients each had lesions in cerebellum, basal ganglia, and subcortical white matter. Four patients with single lesions had an involvement of medial thalamic region, 2 had lesions in periaqueductal gray while 1 had in cerebellum. Three patients had repeat imaging after thiamine replacement, 2 had clearance of lesions, and 1 had partial resolution. Patients with alteration in sensorium at presentation had higher MRI positivity and more extensive lesions on MRI.
The dose of thiamine used for treatment varied from 300 mg to 600 mg/day initially given intravenously for 5-10 days followed by oral maintenance of 100-300 mg/day. Treatment was given as intravenous infusion 2-3 times a day. The most commonly used dosage regimen was 200 mg intravenously twice daily.
Out of the 50 patients, 49 patients showed partial or complete improvement after treatment. One patient did not show any response and went on to develop Korsakoff psychosis. After an average hospital stay of 8.9 days, 9 patients had residual symptoms. The most common residual symptoms were lower limb weakness in 4, ataxia in 2, memory impairment in 2, and psychosis in 1 patient.
Discussion
Our study presents one of the largest reported series of clinically diagnosed nonalcoholic Wernicke's encephalopathy in the world. The results of the study indicate that the disorder is a significant health problem in this community. Majority of the patients did not have any major disease known to be associated with Wernicke's encephalopathy such as cancer, gastrointestinal surgery, renal or psychiatric illness, or prolonged starvation. [10] Besides, the cohort did not have other features of malnutrition. This indicates that it is the diet that is selectively deficient in thiamine which is mainly responsible for this disorder in our studied patients. The population consumes polished rice as their main stable diet which is thiamine deficient. Home pounded rice was used in the past, but the practice has largely been abandoned. Furthermore, most people have a preference for bread made from polished wheat flour. [13, 14] People consume a good amount of green tea on daily basis which is reported to contain antithiamine factors and further contribute to thiamine deficient state. [15] Food faddism may also be contributory, especially in females and the elderly. Studies from the region have reported high incidence of infantile Wernicke's encephalopathy and thiamine responsive lactic acidosis in exclusively breast fed infants. [16, 17] This again highlights the state of thiamine deficiency of breast feeding mothers, which is a reflection of the nutritional status of general population. More females were affected by the disorder in our series which is in contrast to alcohol-related Wernicke's encephalopathy where higher incidence in males has been reported. [1] This may be due to poor nutritional status of the female population. Furthermore, pregnancy and breast feeding may contribute to the deficiency state in patients of reproductive age group.
Recurrent vomiting was the most common associated symptom in majority of the patients. Vomiting has been found to be both a cause and a manifestation of thiamine deficiency. [18] [19] [20] [21] We believe that in our cohort, nausea and vomiting were mainly initial symptoms of thiamine deficiency as most of our patients did not have any identifiable cause for vomiting. Furthermore, the short duration and low frequency of symptoms in a substantial number of our patients suggest that these are only the manifestations of thiamine deficiency or its terminal precipitants as such duration is insufficient to deplete the body's thiamine stores. [6] The prominence of gastrointestinal symptoms in our patients may represent ethnic or genetic differences in the initial manifestation of thiamine deficiency. Many of our patients historically resembled the reported cases of gastrointestinal beriberi where gastrointestinal symptoms are prominent. [22] [23] [24] Gastrointestinal symptoms are also prominent in infantile Wernicke's encephalopathy which usually is related to consumption of thiamine deficient breast milk. [19, 25] We suggest that in thiamine deficient areas, any patient with persistent unexplained nausea and vomiting should be given a trial oral or intravenous thiamine.
Nystagmus was the most prominent sign. Nystagmus is likely an early sign of the effects of thiamine deficiency on central nervous system and should always be looked out in patients of unexplained encephalopathy as it favors the diagnosis of Wernicke's encephalopathy.
A good number of patients present to our clinics with thiamine responsive neuropathy and nystagmus and likely represent a stage in the spectrum of progression of thiamine deficiency from peripheral to central nervous system. A high percentage of patients had associated peripheral neuropathy in our study. In one subset of the patients, the initial symptom was subacute onset weakness of lower limbs which progressed to ophthalmoparesis and encephalopathy. This implies that thiamine-related neuropathy and encephalopathy are a continuum of symptoms although many patients may manifest only with one of the two disorders. [26] Furthermore, there may be a delay in recognizing some of the vague symptoms of thiamine neuropathy, which lead to progression of the disease. [13] Gastrointestinal disorders constituted the largest identifiable associated diseases in our study although no association was found in the majority of patients. These gastrointestinal disorders can precipitate an underlying thiamine deficiency state or if prolonged, they may by themselves induce thiamine deficiency. [18, 19] The supply of thiamine to the body can be reduced by chronic diarrhea or persistent vomiting. Hepatic disease reduces storage and interferes with thiamine metabolism.
Patients with dyspepsia or gastritis may only take foods with better gastrointestinal tolerance and in the course avoid thiamine rich foods. Gastrointestinal disorders may also impair the absorption of thiamine.
On MRI, Wernicke's encephalopathy usually involves the medial thalamic region, periaqueductal gray matter, mammillary body, tectum and periventricular region, all of which are considered the typical sites of involvement. [27] Our patients had both typical and atypical findings of Wernicke's encephalopathy. The involvement of atypical sites such as caudate head, cerebellum, cortical, and subcortical is reported to be higher in nonalcoholic patients. [28, 29] Involvement of atypical sites is usually seen in association with typical sites and is thought to indicate progression of disease. [30] Our patients showed a good response to treatment at a dose range of 300-600 mg of thiamine per day. The EFNS guidelines recommend that thiamine should be given 200 mg 3 times daily preferably through intravenous route and should be continued until there is no further improvement in signs and symptoms. [11] Similar regimen has also been proposed by Chataway and Hardman. [31] Considering our results, we advocate that a dose of 200 mg twice daily is sufficient for nonalcoholic patients. We advise maintenance dose of oral thiamine because the diet is thiamine deficient and there are chances of recurrence. Maintenance dose of oral thiamine may also be given to selected patients such as those with poor dietary habits or chronic dyspepsia. We cannot predict about the incidence of Korsakoff psychosis in our series as long-term follow-up was not available. Only one patient developed psychosis during hospital stay and all patients were adequately treated and showed good response; hence, the chances of developing Korsakoff psychosis were theoretically minimal.
Our study highlights thiamine deficiency as a major health problem in this part of the world. This can be attributed to many factors predominant being the diet.
Since it is difficult to change the dietary habits of a population, we suggest that the major foods should be fortified with thiamine in this region. The mandatory enrichment of staple food with thiamine is operative in the United States, the United Kingdom, and parts of Europe. [32] In Australia, the enrichment of bread flour with thiamine has caused a 40% reduction of the incidence of Wernicke's encephalopathy and Korsakoff's syndrome. [33, 34] Furthermore, gastroenterologists and physicians should be made well aware of this condition as many patients present initially with gastrointestinal symptoms and timely intervention can help in preventing the development of Wernicke's encephalopathy. People at risk of developing thiamine deficiency should be given supplements of thiamine.
Conclusion
The study shows high incidence of nonalcoholic Wernicke's encephalopathy in the region with predominant causative factor being a thiamine deficient diet. Recurrent vomiting can be a prominent early symptom of thiamine deficiency and its recognition can help in the early diagnosis of Wernicke's encephalopathy and related thiamine deficiency disorders. The clinical presentations of Wernicke's encephalopathy can be varying and thus requires a high index of suspicion.
Thiamine fortification of food should be done in areas with reported incidence of thiamine deficiency disorders.
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